Aims: Staphylococcus aureus is a Gram positive pathogen distributed worldwide and represents a rising problem for both hospitals and community. The aims of the study were to examine the antibiograms, toxin profiles as well as the genetic diversity of a set of S. aureus isolates from clinical and food samples.
INTRODUCTION
Staphylococcus is transient colonizer of skin and mucosal membranes of both humans and animals (Pantosti, 2012) . Enterotoxin-producing S. aureus are recognized as the most frequent agents of the blood stream and skin infections (Vivoni and Moreira, 2005) . Further, S. aureus is an important cause of pneumonia, postoperative wound infections as well as nosocomial infections (Lee, 2003) . In addition, it is considered one of the most commonly food poisoning-associated pathogens. In fact, S. aureus is only second or third to Salmonella and Clostridium perfringens in causing food borne outbreaks worldwide (Atanassova et al., 2001; Alarcon et al., 2006) . Symptoms like vomiting, diarrhea and abdominal pain usually appear within 2-6 h of ingesting the food that contain preformed toxin. Staphylococcus aureus is not an exclusive human pathogen (Alarcon et al., 2006) . Nasal cavity and skin of birds and warm-blooded animals, especially pigs, are considered reservoirs for S. aureus (Leonard and Markey, 2008) . In addition, S. aureus is the major pathogen causing mastitis in dairy cows leading to contaminating milk from affected cows (Katsuda et al., 2005) . Indeed, Staphylococcus has been isolated from food animal carcasses such as pigs, sheep, goats, cows, camels and chickens (Leonard and Markey, 2008) .
In general, Staphylococcus reaches the food chain by unhygienic practices of food handlers and asymptomatic carriers. Therefore, the presence of this bacterium or its toxins in foods is usually indicative of lack of hygiene in the food production processes (Atanassova et al., 2001 : Alarcon et al., 2006 . Bacterial pathogens frequently acquire resistance to commonly used antibiotics, making the control of their infections a problem. Staphylococcus aureus, particularly the Methicillin-resistant S. aureus (MRSA), is by far one of the most important bacterial pathogens responsible for nosocomial infections in health care settings with varying prevalence among different countries (Malachowa et al., 2005; Chmelnitsky et al., 2007) . Studies conducted in Netherlands (Kadariya et al., 2014) reported about 20-42% of human MRSA cases belong to a livestock strain that was termed livestock-associated MRSA. The livestock-associated MRSA appears to have crossed the species barrier, resulting in zoonotic transmission (Köck et al., 2013) . These findings highlight the fact that animals might be an important reservoir for MRSA infections. Further, besides being resistant to penicillin and methicillin, MRSA have been reported to develop multidrug resistance profiles (Pandya et al., 2014) . The production of enterotoxins is another virulence factor that complicates the infections caused by these MRSA, as it is known that pathogenicity is related to a combination of toxin production, invasive capacity, and antibiotic resistance (Carfora et al., 2015) .
Molecular typing plays an important role in epidemiological studies, particularly in tracing the passage of pathogens from the food chain to humans and vice versa. Such information is vital to evaluate the efficacy of an outbreak detection and prevention; and to help in studying evolutionary relationship of MRSA and other pathogens (Tenover et al., 2007) . Further, understanding the relationship among pathogens from different sources is an important tool in understanding the mechanism of pathogen transfer between hospitals and community.
Multiple-Locus Variable Tandem Repeat (VNTR) analysis (MLVA) provide a good discriminatory power in molecular typing and classifying MRSA strain types and provide results comparable to those obtained by Pulse Field Gel Electrophoresis (PFGE) and other typing methods (Sabat et al., 2003 (Sabat et al., , 2006 Ishino et al., 2007) . The MLVA utilizes the fact that the numbers of repeat units at certain DNA loci varies among strains. This variation can be detected by PCR with specific primers that flank DNA loci containing the repeated sequences. This method can be used effectively to type methicillin resistant S. aureus and determine their diversity and genetic relatedness (Sabat et al., 2003) . Antibiograms profile-based dendrogram analysis is another method to study the heterogeneity among the isolates. The method was successfully implemented to study the relatedness of different serotypes of Escherichia coli based on antibiograms profiles (Sumathi et al., 2008) . In contrast, Kerouanton et al. (2007) used the method to study relatedness among a group of S. aureus using the antibiograms and reported that the method was not useful.
The aims of this study were to investigate and compare the frequency S. aureus toxin genes (sea, seb, sec, sed, see) as well as the antibiotic resistance profiles of strains isolated from food and clinical samples collected from the northern Jordan. The heterogeneity among the isolates was also investigated using the toxin profiles, antibiograms and was compared to the VNTR profiles.
MATERIALS AND METHODS

Isolation of S. aureus from food samples
A total of 360 raw meat samples (camels, beef, sheep, goats, chicken and fish), cow's and goat's milk were randomly collected and examined during a two years period, between 2007 and 2009. Meat samples were obtained from abattoirs from 4 different governorates in Northern Jordan. Samples (250 g) were collected from different locations of each carcass. Chicken and fish samples were purchased from local supermarkets and were processed similar to meat samples. Milk samples were collected under aseptic conditions in sterile containers. Samples were inoculated onto Baird-Parker agar base (BPA) supplemented with egg yolk-tellurite emulsion (Oxoid UK) and incubated for 24 h at 37 °C. Typical S. aureus colonies were picked from each sample and tested for coagulase production using latex coagulase test kit (Plasmatec, Canada) as per manufacturer's instructions. Table 1 shows the samples used in the study and their sources.
Staphylococcus aureus from clinical samples
To study the heterogeneity and to understand the pattern of methicillin resistance among S. aureus in the northern city of Irbid, 50 clinical isolates of S. aureus were randomly selected from a pool of clinical samples. The clinical isolates were collected from different human samples (blood, urine, pus/wound, tissue, body fluids, ear and eye cultures, prosthetic infections, nasal swabs, sputum, and breast discharges) collected from patients referred to King Abdullah University Hospital or University of Jordan hospital laboratories at the same period the food samples were being collected. The identity of the patients from which the clinical isolates were collected were kept anonymous, and only the isolate's source of infection were presented; and thus an IRB approval was waved. Those isolates were identified biochemically using the Validity Index of Traditional Environmental Knowledge (VITEC) ( Molecular confirmation of the presumptive S. aureus and mecA testing DNA from confirmed S. aureus colonies was extracted using Genomic Wizard DNA extraction kit (Promega, Wisconsin, USA) following the manufacturer's instructions.
Coagulase positive isolates were then tested by PCR using primers specific for the thermonuclease gene, nuc, which is specific for S. aureus as described by Brakstad et al. (1992) (see Table 2) . The isolates were then tested for the presence of methicillin resistance gene (mecA) following the method of Smyth et al. (2005) (Table 2) .
Multiple-Locus Variable-Number Tandem Repeat (VNTR) Analysis
Staphylococcus aureus isolates were analyzed for MLVA using a set of 5 pairs of PCR primers described by Sabat et al. (2003) that simultaneously amplify the hyper variable VNTR regions of spa, sspA, clfA, clfB and sdr genes ( Table 2) .
Antibiotic resistance of the isolates
The resistance profiles of the 105 S. aureus isolates were determined using the disk diffusion method following the instructions of the Clinical and Laboratory Standards Institute (CLSI, 2007 ). All isolates were tested for resistance against the following 15 antibiotics; Cefoxitin (FOX), Vancomycin (VA), Chloramphenicol (C), Trimethoprim (SXT), Gentamycin (GN), Amikacin (AK), Teicoplanin (TEC), Tobramycin (TOB), Amoxicillin (AMC),
Testing the isolates for the presence of enterotoxin genes
All the isolates were tested for the presence of some enterotoxin genes sea, seb, sec, sed and see by PCR using the primers and amplification conditions described by Johnson et al. (1991) (Table 2 ). These genes were selected based on their importance. For instance, seb is a potential warfare agent while sec is implicated in endocarditis (Otto, 2014) .
Statistical analysis and phylogenetic tree development
Results of the VNTR, the antibiograms and toxin profiles analysis were subjected to cluster analysis. Similarity analysis was performed from a combined binary matrix based on the absence (0) or presence (1) of an amplified DNA band or the resistance (1) or sensitivity (0) of the isolates to antibiotics using the Jaccard coefficient (Naffa et al., 2006) . Strain clustering was performed by the unweighted pair group method with arithmetic mean (UPGMA) analysis. The statistical program SPSS, version 23 (IBM, USA) was used for the analysis. A 70% similarity was arbitrarily used as a discriminating threshold to define homologous clusters. 
RESULTS AND DISCUSSION
Isolation and confirmation of the S. aureus isolates
All isolates used in the study were characterized phenotypically by Gram stain, colony morphology on Bird Parker Agar (BPA) and for the presence of free plasma coagulase. All isolates used in this study were typical S. aureus strains as they appeared as dark grey to jet black colonies with opaque zones, surrounded by clear halo on BPA. Also, all isolates appeared as Gram-positive cocci under the microscope and tested positive for the coagulase test. To confirm the identity of the isolates, they were tested for the presence of thermonuclease gene (nuc), which is specific for S. aureus (Brakstad et al., 1992) . As a result, 55 food and 50 clinical isolates were confirmed as S. aureus.
Testing isolates for antibiotic resistance
The antibiograms of all the isolates were depicted in Table 3 . All the 50 tested clinical isolates were resistant to penicillin while 44 isolates were resistant to the amoxicillin, but none of the isolates were resistant to either vancomycin or teicoplanin. These results are comparable to the results reported by Wu et al. (2010) , who also reported that 100% of the community acquired MRSA isolates were resistant to penicillin but not to vancomycin. Out of the 55 food isolates, 34 were resistant to penicillin and 32 to amoxicillin. Interestingly, there were 12 food isolates resistant to vancomycin and 23 isolates were resistant to rifampicin, which might indicate that these antibiotics are included in animal feed or used for animal disease treatment. A multi-drug resistant isolate is defined as being resistant to three or more antibiotics. When the isolates were scrutinized for percentages of isolates exhibiting multi-drug resistance, 80% and 70% of the food and clinical isolates were multi-drug resistant, respectively. Among the food isolates, F63 was resistant to all the 15 tested antibiotics while one isolate (F70) was resistant to 10 antibiotics, and the rest showed resistance against 2 to 8 antibiotics. One food isolate was sensitive to all tested antibiotics. Two clinical isolates, C76 was resistant to 11 antibiotics, and C127 was resistant to 10 antibiotics while the other isolates showed resistance against 1 to 8 antibiotics. Nevertheless, the similar proportion of multidrug resistance among both clinical and food isolates observed in this study (80% vs 70%) contradicts the results obtained by Reinoso et al. (2008) who reported that resistance was pronounced among clinical S. aureus than those from food samples.
Testing isolates for presence of mecA gene by PCR
MRSA infections were reported in pet animals, in hospitalized patients and in community (Strommenger et al., 2006) . However, it is not well known if the pet animals serve as reservoir for MRSA and transmit it to humans or vice versa (Pantosti, 2012) . When the isolates were tested for the presence of the mecA gene, 36 out of 50 clinical isolates (72%) were positive, while 42 out of 55 food isolates (76%) were positive. These numbers appeared to be very high in comparison to results of other studies (Tsen et al., 1998; de Boer et al., 2009 ). In fact, Tsen et al. (1998) reported a complete absence of MRSA in food isolates in Taiwan. The high number of isolates harboring the mecA gene and exhibiting multidrug resistance to most antibiotics used in this study suggests a major role for horizontal gene transfer. There is evidence that the mecA gene resides on a mobile genetic element that also harbor genes, which encode resistance to non-beta-lactam antibiotics, causing the observed multi-resistance (Wielders et al., 2002) .
The presence of high percentage of MRSA in food isolates in Jordan might signify the widespread of this pathogen in the environment and consequently in the food animals and their products. In addition, it is well known that the presence of the mecA gene doesn't necessarily indicate a phenotypic methicillin resistance (Martineau et al., 2000) . The difficulty in the detection of the MRSA phenotype stems from the heterogeneous expression of the mecA gene in strains of Staphylococcus, where each cell in a population may carry the genetic information but only 1 in 10 5 -10 7 cells may express the resistance phenotypically (Yamazumi et al., 2001) .
Although resistance to cefoxitin was used as an indicator for methicillin resistance (Anand et al., 2009) , in our study we did not observe any correlation between resistance to cefoxitin and presence of mecA gene. Only 24 out of 50 clinical isolates showed resistance to cefoxitin while 35 isolates harbored the mecA gene.
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Among the food isolates, only 17 out of 55 food isolates exhibited resistance to cefoxitin while 42 isolates harbored the mecA gene. In a study reported by Chauhan et al. (2013) , all MRSA tested positive for cefoxitin. However, the authors did not test for the presence of the mecA gene by PCR and just depended on the phenotyping of the isolates by the traditional antimicrobial testing.
Distribution of enterotoxin genes
When the isolates were tested for the presence of the major enterotoxin genes (sea, seb, sec, sed, see) , the distribution of these genes varied between the food and clinical isolates (Figure 1 ). The sea gene, which was the most abundant, was found in (88%) of the clinical and food isolates, followed by sec (70 and 29%) for clinical and food isolates, respectively. This result appeared in accordance with results reported by Kerouanton et al. (2007) who reported that sea was the most frequent in human isolates. In contrast, our results appeared contradicts results reported by Akineden et al. (2008) who stated that sec is mainly found in S. aureus isolated from food samples.
Nevertheless, these results were similar to reports by Mehrotra et al. (2000) and Becker et al. (2003) . The high prevalence of toxin genes in strains isolated from food and clinical samples suggest that humans could have acquired the toxin harboring strains from contamination food products. As for the distribution of sea, similar results were reported by Omoe et al. (2002) who showed that 76% of isolates from food poisoning harbored the sea gene. The presence of seb genes was third with 56% and 18% of clinical and food isolates harbored the gene, respectively. The sed gene was only found in one clinical isolate (2%), while see was found in 22 % of the food isolates and only 4% of the clinical isolates. Although only one isolate harbored the sed toxin gene, Morandi et al. (2009) reported that sed gene was the most frequent gene at 30% of S. aureus from dairy products harboring that gene. This indicates that high variation among the isolates is based on location and origin of samples.
When evaluating the distribution of toxin genes among the isolates, almost all isolates (103/105, 98%) harbored at least one type of toxin genes, except two isolates originated from food samples (A27 and F22) were devoid of any toxin gene. Our result appeared in agreement with results reported by two studies (Ferry et al., 2005; Morandi et al., 2009 ). Ferry et al. (2005 reported that 84% of the S. aureus clinical isolates harbored at least one toxin gene and Morandi et al. (2009) reported that 79% of S. aureus from dairy products harbored at least one toxin gene. In contrast, Peles et al. (2007) reported that only 15% of S. aureus isolated from milk samples in Hungary harbored at least one toxin gene. This could be due to the homogeneity of the S. aureus isolates used in their study. The sea gene was detected in the majority of isolates from clinical (44 out of 50) and food (49 out of 55) samples. Similar results were reported by Akineden et al. (2008) who found that most of tested clinical samples harbored the sea gene.
When the isolates were analyzed for the number of toxin genes they harbored, 40 isolates contained one toxin gene while, 34 isolates contained two toxin genes, 26 isolates contained 3 toxin genes and only 3 clinical isolates contained 4 toxin genes. Collectively, our results and results reported by others suggest that toxin gene profiles vary from place to place and there is no rule to whether food or clinical isolates harbor a certain type of toxin genes. 
Phylogenetic analysis of the isolates using VNTR, antibiograms and toxin profiles
In this study, we used VNTR analysis to study the genetic heterogeneity among our collection of food and clinical isolates. PCR amplification of extracted DNA gave multiple bands (4-8 bands) with a size ranging from 90 bp to 2156 bp for all the isolates. Genomic heterogeneity among the isolate is considerable and is reflected in the high number of banding patterns, as the 105 isolates generated 92 patterns or subtypes when a dendrogram was constructed from the VNTR analysis data. When a 70% similarity cut-off was arbitrarily set for the dendrogram analysis, the isolates were clustered in 89 clusters indicating a very high heterogeneity, which deem the method non-discriminatory among the isolates. These results contradict the results published by Morandi et al. (2010) who reported that this method was capable of differentiating between food and clinical isolates. Tenover et al. (2007) also used the same method to type 103 clinical and community associated MRSA and was able to identify 13 clusters with PFGE typing from 42 banding patterns using 75% similarity cut off. In the same study, when the same isolates were typed by VNTR, 9 clusters were identified with 36 unique VNTR patterns (Tenover et al., 2007) . These differences between our results and the results reported by Tenover et al. (2007) and Morandi et al. (2010) highlight the high heterogeneity of the isolates examined in this work.
As an alternative to the VNTR analysis, the antibiograms for the isolates were used to generate a dendrogram. A 70% similarity cut-off was also used to identify the clusters. The antibiograms generated 52 clusters with 33 single-isolate clusters while the other 19 clusters contain multiple isolates (Table 4) . Some of these isolates contained only clinical isolates while others contain only food isolates and the rest contained mixed isolates. Observing the patterns of the antibiograms for each cluster shows major differences between clusters (e.g clusters 12, 25 and 30) while there is similarity in the antibiograms within some clusters (e.g cluster 5, 42 and 47) indicating the limited usefulness of this method to study the antibiograms patterns of a collection of isolates. This finding is in agreement with Kerouanton et al. (2007) who arrived at the same conclusion. Nevertheless, the toxin profiles were used to generate a dendrogram using a 70% similarity cut-off (Figure 2) . The toxin profiles generated only 12 clusters with 3 clusters (3, 5 and 8) contains 32, 17 and 23 isolates, respectively (Table 5 ). The rest of the isolates were distrusted among the other 9 clusters with two clusters each contain one isolate. Noticeably, the toxin profiles in each cluster were identical for all the isolates in that cluster irrespective of the isolate origin. This method exhibits a good discriminatory power as opposed to the VNTR and the antibiograms profiles. These results are consistent with the concept of host specialization where some animal isolates were grouped in clusters while clinical isolates were grouped in other clusters (Reinoso et al., 2004) . In addition some clusters contained isolates from food and clinical origin with the same toxin gene profiles indicating some genetic relatedness. Figure 2: Dendrogram generated using unweighted pair group method with arithmetic average analysis using toxin gene patterns. Similarity analysis was performed from combined binary matrix based on the presence of a toxin (1) or the absence of the toxin (0) using the Jaccard coefficient performed by unweighted pair group method with arithmetic mean (UPGMA) analysis. The cut-off was arbitrarily set at 70% similarity level and classified the isolates into 12 different clusters 1-12. The scale at the top show the similarity index as a discriminating threshold to define homogenous clusters.
CONCLUSIONS
In conclusion, it appears that when using 70% similarity, the VNTR as well as the antibiograms profiles did not provide enough discriminatory power to cluster the isolates based on the origin, and thus very high cluster numbers were obtained, which indicates a very high heterogeneity among the isolates. In contrast, profiling the isolates based on the presence of toxin genes provided a far better discriminatory power to cluster the isolates based on their origin. The high heterogeneity of the isolates and the apparent clustering of either food or clinical in separate clusters revealed that the origin of the S. aureus isolates in clinical and food are different. Nevertheless, the toxin patterns of some food and clinical isolates were identical indicating a very close relationship among those. Further, it is a possibility that some human infections were caused by consuming contaminated food products made from these animals.
